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ABSTRACT 

We study the origin of absorption features on the blue side of the C iv broad emission line of the large- 
separation lensed quasar SDSS J1029+2623 at z em ~2.197. The quasar images, produced by a foreground 
cluster of galaxies, have a maximum separation angle of ~ 22'.'5. The large angular separation suggests 
that the sight-lines to the quasar central source can go through different regions of outflowing winds 
from the accretion disk of the quasar, providing a unique opportunity to study the structure of outflows 
from the accretion disk, a key ingredient for the evolution of quasars as well as for galaxy formation and 
evolution. Based on medium- and high-resolution spectroscopy of the two brightest images conducted 
at the Subaru telescope, we find that each image has different intrinsic levels of absorptions, which can 
be attributed either to variability of absorption features over the time delay between the lensed images, 
At ~ 744 days, or to the fine structure of quasar outflows probed by the multiple sight-lines toward 
the quasar. While both these scenarios are consistent with the current data, we argue that they can be 
distinguished with additional spectroscopic monitoring observations. 

Subject headings: Galaxies: Quasars: Absorption Lines, Galaxies: Quasars: Individual: 
SDSS J1029+2623 



1. INTRODUCTION 

Quasars are routinely used as background sources 
to study the gaseous phases of intervening objects via 
absorption-line diagnostics. These absorption lines have 
their origins both in intervening objects (i.e., foreground 
galaxies, inter-galactic medium (IGM), quasar host galax- 
ies) and in sources that are intrinsic to the quasars. One of 
the most promising candidates for the intrinsic absorbers is 
an outflowing wind from the accretion disk of quasar cen- 
tral engines. The outflow is accelerated by magnetocen - 
trifugal forces (|Everetdl200H Ide Kool k Begelmanlll995lh 
radiation pressure in lines and conti nuum ( Murray et al.l 
ll995 HProga. Stone k KallmaiJl2000f). and/or by thermal 
pressure force fe.gjBalsara k Kroh k 1993; Krolik k Krisi 
120011; IChelouche k Netzerl l2005ft . The outflowing winds 
play an important role in three ways: I) the extraction of 
angul ar momenta from disks allows accretions to p r oceed 
(e.g.. iBlandford k Payne] Il982t lEmmering et all Il992t 
iKonigl k KartieHl994tlEverettll2005D . leading to growth of 
black holes, 2) the disk outflow also provides energy and 
momentum feedback to interstellar media of host galax- 
ies and to intergalacti c media (IGM), and inhibits star 
forma tion activity (e.g.. lSpringel. Di Matteo. k Hernquistl 
2005), 3) outflowing wi nds may induce the metal enrich- 
ment of the IGM (e.g., E amann. Barlow, k Junkkarinenl 



I1997U iGabel et al.l [20061) . Thus, the physical conditions 
of the outflow not only promote the evolution of quasars 
themselves, but greatly impact the surrounding environ- 
ments. 

Among absorption lines, broad features (hereafter, 
BALs; FWHM > 2000 km s" 1 ) are easily identified as be- 
ing intrinsic, because it is almost impossible for foreground 
objects to produce very broad and smooth line profiles. 
BALs are detected in about 10 - 20°^| of optically se- 
lected quasars (e.g.. iHewett k F oltz 20031 iReichard et"ahl 
20033), an d their detec tion rate is sligh t ly higher in 
radio - quiet quasars (e.g., IStocke et all 119921: iBecker et all 
l200lt lGreenll2006T) . BALs are thought to originate in 
the outflowing winds when our sight-line intersects this 
component. This idea is supported by the fact that 
there are no significant differences in the properties of 
quasars with BALs (BAL QSOs) and those without BALs 
(non-B AL QSOs) (|Wevmann et al.l 119911: IReichard etHI 
l2003al) . Moreover, quasar spectra tend to be redder when 
BAL profiles, especially those with low ionization absorp- 
tion lines (i.e., LoBALs and FeLoBALs), are observed, 
whic h is probably caused by dust reddening in the outflows 
(e.g., ISpravberrv k FoltzHl992t lYamamoto k Vanseviciusl 
1999). Thus, quasars with and without BALs may intrin- 
sically be a single population, although the evolutionary 
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phase of qu asars could also affect the detec tion rate of 
BALs (e.g., IVoit. Wevmann. fe Koristalll993l ). The only 
difference is whether the sight-line passes through the out- 
flowing wind or not in this orientation scheme. Thus, BAL 
QSOs have tradi tionally been the best targets for the study 
of outflows (e.g..lWevmann et al.lll99ll:lBecker et al.lfl997l 
iGibson et alll2009l; ICapellupo et al.ll2012t) . 

In addition to BALs, a fraction of narrow absorp- 
tion lines (hereafter NALs; FWHM < 500 km s^ 1 ) and 
mini-BALs (an intermediate category between BALs and 
NALs) have also been suggested to be physically asso- 
ciated with quasars. However, the origin of NALs and 
mini-BALs are still under debate. Each of the above 
classes of absorption features could represent either dif- 
ferent lines of sight through the outflowing wind to the 
quasar continuum source or different st ages in the evolu- 
tion o f the absorbing gas parcels (e.g., lHamann fc Sabral 
12004 iMisawaet all 120051) . The observed fraction of 
optically-selected qua sars hosting BA Ls (~10-20) and 
NALs (~20-50%; e.g . IVestergaard|2003t [Wise et al.ll2004 
iMisawa etal] l2007at iNestor et all 120081 ) constrains the 
solid angle subtended by the dense portion of the wind 
to the central engine. However, such a statistical treat- 
ment requires the assumption that all quasars are identi- 
cal. This remains an assumption because in past studies, 
it has only been possible to trace single sight-lines (i.e., 
probe a one dimension profile) toward the nucleus of each 
quasar. 

Gravitationally lensed images of background quasars 
are our only tools for the study of the three-dimensional 
geometry of the absorbers (e.g., Crotts fc Fand Q.998; 



iRauch et all 119991: lLopez et al.ll2005l ). Indeed, this tech 
nique has frequently been applied for investigating inter- 
vening absorption lines, produced by galaxies or IGM on 
scales of up to several kilo-parsecs. However, these tra- 
ditional quasar lenses are not useful for multi-angle stud- 
ies of the AGNs themselves because their separation an- 
gles (9 ~ a few arcsec) are too small to separate inter- 
nal structu res in the vicinity of the quasars. On the 
other hand. llnada et al.l (|2003l ) discovered a lensed quasar, 
SDSS J1004+4112, with a maximum image separation of 
9 ~ 14"6, which is the first example of a quasar lensed by 
a cluster of galaxies rather than a single massivegalaxy. If 
there exists outflow gas at a distance of ~1 kpqj from the 
continuum source a s measured for some specific quasars 
(|de Kool et al.ll2001t lHamann et al.ll2001[ ). the large sepa- 
ration angle of SDSS J1004+4112 translates into a physical 
distance of >0.1 pc, with which we may trace outflowing 
winds with different physical properties unless their trans- 
verse sizes are much larger than sub-parsec scale. Takin 
advantage of this large image separation, iGreenl (|200 
proposed that the differences in emission lines between 
the lensed images seen in their follow-up spectra can be 
explained by differential absorptions along each sight-line, 
although the spectra do not show explicit intrinsic absorp- 
tion features. 



The second large-separation lensed quasar 
SDSS J1029+2623 (jlnada et al.ll2006l ) has an image sep- 
aration of 9 ~ 22'.'5, a nd therefore i s the largest quasar 
lens currently known. lOguri et al.l (|2008|) identified the 
third image of this lens system (see Figure [T]). As shown 
in Figure [5J all the spectra of quasar images A, B, and 
C have absorption features on the blue side of the C iv 
emission lines, which implies that each sight-line passes 
through the outflowing wind. In what follows, we call this 
feature "the associated absorption line"0 Moreover, we 
see a clear difference in the absorption features between 
image A and images B/C. The former has a broader and 
shallower profile and an additional redshifted absorption 
line at ^4990A, while the latter two have narrower and 
deeper profiles (Figure [2]). After correcting for magnifi- 
cation, the Eddington ratio of the quasar is estimated to 
be L/Le ~ 0.1 1. This value is consistent with the typical 
Eddington ratio of bright quasars, L/Le ~ 0.07 - 1.6 
(|Netzer et al.ll2007t) . 

In this paper, we discuss the origin of these differen- 
tial absorption profiles in SDSS J1029+2623. The likely 
scenarios include (i) time-variation of a single absorber 
covering both sight-lines toward the quasar between the 
time-delay of images A and B/C, which is ^744 days in 
th e observed frame accordi ng to monitoring observations 
by iFohlmeister et al.l (|2012l n (hereafter, scenario I), (ii) 
each sight-line penetrating different absorbers or different 
reg ions of a singl e absorber toward the quasar as proposed 
by I Green (2006) (scenario II), and (iii) micro-lensing 
(scenario M). Among these, the last scenario has been 
already rejected because each image show s common ratios 
between radio, op tical, and X-ray fluxes (|Ota et al.ll2012t 
lOguri et al.ll2012D , which is not expected for micro-lensing. 
Thus we concentrate on the viability of scenarios I and II, 
based on our medium- and high-resolution spectroscopic 
observations of SDSS J1029+2623. 

The structure of this paper is as follows. In §2, we de- 
scribe the observations and data reduction. We present 
results in §3, and discuss the results in §4. We sum- 
marize our results in §5. We adopt z em — 2.197 as the 
emission redshift of the quasar, which was estima ted us- 
ing broad UV emission lines bv llnada etail ((2006). Time 
intervals between observations are given in the observed 
frame throughout the paper, unless otherwise noted. 



2. OBSERVATIONS AND DATA REDUCTION 

We conducted spectroscopic observation of the two 
brightest lensed images^] (i.e., images A and B) of 
SDSS J1029+2623 with Subaru/FOCAS on 2009 April 4, 
using a similar resolution power to previous observations 
(R ~ 500) taken about 2-3 years before. This time sepa- 
ration is comparable to the measured ti me delay between 
imag e A and images B/C (~744 days; IFohlmeister et all 
2012). We used the grating with L600 filter to cover the 
wavelength range of A = 3700 - 6000A. We also used 
the 0"4 slit without pixel sampling (~1.34A per pixel), 

2 How ever, we usually have only loose constraints on the absorber's distance, spanning from r = 0.01 to 1000 pc (e.g., [Elvis 2000; de Kool et all 
12001 . 

3 A term associated absorption line is traditionally used for absorption features that fall within 5000km s _1 of quasar emission redshift 
dWevmann et ali 1979). We use this term for this specific absorption feature throughout the paper. 

4 The time-delay between images B and C is almost negligible, ~2-3 days (Fohlmeister et al. 2012). 

5 The observed flux ratio of three lensed-images is A : B : C ~ 0.95 : 1.00 : 0.24 in the I-band l lOguri et aT] [2008). 
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which enables us to compare our spe ctra with the pre- 
vious observation s from the literatu re (llnada et al. 2006; 
lOeuri et all 120081) including SDSS (lYork et all 12000ft bv 
performing convolution where needed. The sky conditions 
were moderate although affected by thin clouds. The to- 
tal integration time was 1200 s for each image, and the 
data quality of the final spectra are S/N ~8.5 pix -1 and 
~7.0 pix -1 for images A and B, respectively. 

We also obtained high-resolution spectra of images A 
and B with Subaru/HDS on 2010 February 10 to resolve 
the associated C iv absorption line completely and extract 
physical parameters such as column density, line width, 
ejection velocity from the quasar, and the covering factor 
(the fraction of flux from the background source that is 
geometrically covered by the foreground absorber) using 
Voigt profile fitting. We used the standard setup, Std-Bc, 
with a l'/2 slit width (i?=30,000), covering the wavelength 
range of 3390-4210 A on the blue CCD and 4280-5110 A 
on the red CCD. This configuration covers Lya, N v, Si iv 
as well as the C iv absorption line at z Q {, s ~ z em . The 
CCD is binned every 4 pixels in both spatial and disper- 
sion directions (i.e., ~0.05A per pixel and each resolution 
element contains three pixels around 4500 A). The total 
integration times were 14400 s and 14200 s for images A 
and B, respectively, and the final S/N ratios are about 
13 pix -1 for both the images. 

We reduced both the FOCAS and HDS data in a stan- 
dard manner with the software IRAF0. As for the HDS 
spectra, we divided them by a FLAT frame before nor- 
malization in order to remove the instrumental blaze pat- 
tern. Wavelength calibration was performed using a Th- Ar 
lamp. The observation log is summarized in Table [TJ 

3. RESULTS 

3.1. Low resolution spectroscopy 

We examined the suite of Subaru/FOCAS spectra to 
search for variability in the C iv lines. If absorption in 
both the images show time- variations, it would imply that 
the profiles are variable and that the scenario I is more 
favorable. If this is the case, we have monitored a single 
absorber in five epochs on 2006 February 28 + 744 days, 
2006 June 29 + 744 days, 2009 April 4 + 744 days (to- 
ward image A), and on 2007 December 15, 2009 April 4 
(toward image B). If neither images show time variation, 
the scenario II will instead be favored. 

3.1.1. image A 

The associated C iv absorption line of the image A was 
spe ctroscopically ob served three times on 2006 Februar y 
28 (jYork et al.ll2000l) . on 2006 June 29 (jlnada et al.ll2006h . 
and on 2009 April 4 (this paper) , as shown in Figure [2] 
The first one was part of the SDSS, while the others were 
taken with Subaru/FOCAS. For inter-comparison, we ad- 
just the spectral resolution of all observations to that low- 
est available (i.e., R ~ 500) by resampling and convolution. 
The C iv emission and absorption features show a so-called 
P-Cygni profile, which implies that the absorption feature 



is physically associated to the quasar itself. An additional 
weak absorption feature is seen on the red side of the C iv 
emission line at A ~ 4990A. However, this is not C iv, but 
Fe ii A2600 at z a b s ~ 0.9187, because there exists a corre- 
sponding Mg ii doublet at the same redshift. We do not 
see any substantial variation of the C iv absorption profile 
(see Figure [2]) . 

3.1.2. image B 

The associated C iv absorption line of image B was spec- 
troscopically observed only twice: once on 20 07 Decem- 
ber 15 with Keck/LRIS bv lQguri et"aT1 (120081) . and once 
on 20 09 April 4 by us with Subaru/FOCAS. |Oguri_etaL| 
(2008) also obtained a spectrum of image C. Images B and 
C show profiles that are almost identical near the C iv ab- 
sorption/emission lines, which is probably because the sep- 
aration angle between them, 6bc ~ l'-85, is much smaller 
than the separations between images A and B (Oab ~ 
22"5) and images A and C (0 AC ~ 21".Q). Our FOCAS 
spectrum of image B is consistent with those of images B 
and C taken about 15 months (~4.7 month in the rest- 
frame) before. 

Under scenario I, time-variation is to be expected. In- 
stead, we confirm that the absorption profile of each image 
is stable (see Figure [2]), suggesting that scenario I is less 
likely to be true. However, this conclusion based on our 
medium-resoluton spectroscopy will have to be modified 
significantly, following investigation of the high-resolution 
spectra, as we will see in the next subsection. 

3.2. High resolution spectroscopy 

From our high-resolution (R = 30,000) spectra of im- 
ages A and B, we find that the associated C iv absorption 
line consists of multiple narrower components (Figure [3]) . 
Thus, the system is not a BAL (or a mini-BAL) but NAL, 
which means that the features are not necessarily arising 
at the outflow. If the corresponding absorber is the ISM of 
the host galaxy, IGM, or a foreground galaxy (i.e., inter- 
vening absorption), both the differential absorption pro- 
files and the lack of time-variation toward images A and 
B are reasonable because their sight lines pass through 
completely different regions separated by ^kpc or ^Mpc 
scales with respect to each other. 

In order to classify the associated C iv absorption fea- 
ture as an intrinsic or intervening feature, we performed a 
Voigt profile fitting to measure line para meters. We used 
the line fitting softw are package MINFIT ()Churchil]| Il997t 
iChurchill etafl I2003D . with which we can fit absorption 
profiles using redshift (z), column density (log N in cm -2 ), 
Doppler parameter (b in km s _1 ), and covering factor (C/, 
defined later in §3.2.1) as free parameters. The revised ver- 
sion of the code can be applied to self-blending feature^], 
because it fits profiles to the blue and red members of 
doublets simultaneously, by multip lying the contribu tions 
from the two doublet members (|Misawa et al.ll2007bf ). 

The fitting results are summarized in Tabled Column 
(1) is a line identification (ID) number. Columns (2) and 
(3) give the absorption redshift and the ejection veloc- 
ity (negative corresponds to blueshifted) from the quasar 

6 IRAF is distributed by the National Optical Astronomy Observatories, which are operated by the Association of Universities for Research in 
Astronomy, Inc., under cooperative agreement with the National Science Foundation. 

7 Blue and red members of doublets such as C IV, N V, and Si IV are blended with each other if their line widths are greater than the velocity 
distance between the two members (e.g., Av ~ 500 km s _1 in the case of C IV doublet). 
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emission redshift, z em ~2.197. Columns (4) and (5) are 
the column density and its la error, columns (6) and (7), 
the Doppler parameter and its la error, and columns (8), 
(9), and (10), the covering factors and its upper/lower la 
error. We also applied line fitting to the N v doublet. The 
Si iv doublet cannot be fitted in both the images, because 
the red member of the doublet, Si iv A1403, is severely 
affected by line contamination. 

3.2.1. Covering Factor Analysis 

Covering factor, Cf, is the fraction of coverage of the 
absorber over the continuum source and the broad emis- 
sion line region (BELR) along the sight-line. The cover- 
ing factor can be systematically evaluated in an unbiased 
manner by considering the optical depth ratio of resonant, 
rest-frame UV doublets of Lithium-like species (e.g., C iv, 
N v, and Si iv), using the equation 



Cf 



(Rr ~ l) 2 

1 + Rf, — 2R r 



(1) 



where Rf, and R r are the residual (i.e., unab- 
sorbed) fluxes of the blue and red members of 
the doublets in the continuum normalize d spec- 
trum (e.g., Hamann. Barlow, fe Junkkarinenl [l997b; 
iBarlow fe Sargentl Il997t ICrenshaw et al.l I1999T L A Cf 
value less than unity indicates that a portion of the 
background source is not occulted by the absorber. 
This, in turn, means that the doublet is probably pro- 
duced by an intrinsic absorber because intervening ab- 
sorbers like IGM, ISM, and foreground galaxies usually 
have physical scales with a few kil o-parsecs much larger 
than the background s ources (e.g., IWampler et al.l Tl995; 
IBarlow fe Sargentlll997h . In general, the continuum source 
an d the BELR ha v e diffe rent covering factors, as discussed 
in I Ganguly et al.l (|l999t ). The derived coverage fractions 
can be significantly affected by uncertainty of the contin- 
uum level, providing unphysical values (i.e., Cf < or 1 < 
Cf), especially for very weak components whose Cf values 
are close to 1. Therefore, if minfit gives unphysical values 
of Cf for some components in the first trial, we rerun the 
fit assuming Cf = 1 following the procedure detailed in 
iMisawa etahl (|2007al ). The fitting results for C iv and 
N v doublets are shown in Figures 2] and [5j and fitting- 
parameters are summarized in Table [2J 

3.2.2. image A 

In our high-resolution spectrum, the associated C iv 
absorption line is deblended into at least 16 narrow com- 
ponents at v e j ~ —1600 km s _1 - 94 km s _1 from the 
quasar emission redshift at 2.197, as shown in the 

C iv A1548 panel of Figures [3] and [U Among the 16 C iv 
components, all have corresponding Lya absorption, while 
only components at v e j > —846 km s _1 have correspond- 



ing N v doublets. Those at v, 



T400 km s _1 have 
only subtle N v doublets. It is difficult to tell whether 
Si iv doublets corresponding to the C iv system exist or 
not because the Si iv A1394 blends with Si n A1527 at z a bs 
= 1.9115 and 1.9141, and because the Si iv A1403 is also 
severely contaminated by C iv doublets at z a b s = 1.8909 
- 1.9141. 

The absorption component at v e j ~ 800 km s^ 1 in the 
C iv A1548 panel is not C iv but instead Fe n A2344 at 



z a bs ~ 0.9187. We also confirm that a strong absorption 
feature at A ~ 4900A only seen in image A of Figure [2] is 
Fe ii A2600 at the same redshift. It follows that the differ- 
ential absorption profile of the associated C iv absorption 
line between images A and B seen in low-resolution spec- 
tra (Figure H]) is mainly due to these physically unrelated 
Fe ii lines. 

3.2.3. image B 

The associated C iv line is deblended into 12 narrow 
components at v e j ~ —1467 - 9.4 km s _1 from the quasar 
emission redshift as shown in the C iv A1548 panel of Fig- 
ures [3] and [4] Their general profile is similar to that of the 
image A. Among the 12 components, all have correspond- 
ing Lya, while only those at v e j > —789 km s _1 have corre- 
sponding N v doublets. On the other hand, only two C iv 
components at v e j ~ —1467 km s _1 and —1401 km s _1 
have Si iv doublets. The ionization condition of the com- 
ponents at v e j > —789 km s _1 is clearly higher than those 
at v ej ~ -1467 km s" 1 and -1401 km s" 1 . 

The Si iv A1403 lines blend with a clustering of C iv lines 
at z a bs ~ 1-90. Absorption features at v e j ~ —700 km s _1 
in the Si iv A1394 panel and at v e j ~ 200 km s^ 1 in the 
N v A1243 panel are Si n A1527 at z abs = 1.9118 and 
C ii A1335 at z a b s = 1.9788, respectively. 

3.2.4. Other Lines 

Because our spectra cover a wide range of wavelength, 
we also identify all C iv, Si iv, and N v doublets from 
3800A - 4210A on blue CCD chip and from 4280A - 5110A 
on red CCD chip, avoiding some unusable regions (4155A 
- 4160A and 4620A - 4740A), Lya forest, and bad CCD 
columns. Toward image A, we identify 11 C iv doublets 
at z abs = 1.6151, 1.8909, 1.8956, 1.8983, 1.9115, 1.9133, 
1.9141, 1.9322, 2.1084, 2.1270, 2.1350 and 2 Si iv doublets 
at z a bs — 1.9115 and 1.9138 with > 5a detection in addi- 
tion to the associated system. We also find one Fe n sys- 
tem identified with Fe n A2344, Fe n A2374, Fe n A2383, 
Fe ii A2587, Fe n A2600 at z abs ~ 0.9187 as described 
above. Toward image B, we identified 15 C iv doublets 
at z abs = 1.6148, 1.6556, 1.6925, 1.7065, 1.8910, 1.8950, 
1.8972, 1.9018, 1.9118, 1.9322, 1.9788, 2.1078, 2.1085, 
2.1210, 2.1284 and 4 Si iv doublets at z abs = 1.8941, 
1.8949, 1.8975, 1.9018 with > 5a detection in addition 
to the associated system. 

4. DISCUSSION 

In this section, we discuss the origin (i.e., intrinsic or 
intervening) of the associated absorption lines f ^4.1j) . pos- 
sible geometries toward images A and B ( ^4.21) . and models 
of single/multiple sight-line(s) f q4.3[) . respectively. 

4.1. Intrinsic or Intervening 

While BALs have high probability of being physically 
associated to the quasars, NALs are difficult to classify 
as intrinsic or intervening. With our high-resolution spec- 
tra, the associated C iv absorption line is deblended into 
multiple narrow components. As for C iv and N v dou- 
blets (whose absorption features are clearly detected with- 
out being affected by any data defects or line blending), 
we measure their physical parameters by performing Voigt 
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profile fitting with minfit. We have several observational 
results that support an intrinsic origin for these features, 
itemized below in order of relevance. 

(1) The associated C iv NALs show clear evidence 
of partial coverage (see Figure [4] and Table [2]). 
Covering factors are quite important for ascertain- 
ing the location of the absorbers. Among 16 and 
12 C iv components in the spectra of images A 
and B, 6 and 6 components show partial cover- 
age at the 4ct level (i.e., C f + 4ct(C/) < 1.0), 
respectively. This supports the physical sizes of 
the absorbers being comparable to or even smaller 
than the size of the background source, suggest- 
ing that the system is intrinsic to the quasar it- 
self (e.g., Hamann. Barlow, fe Junkkarinen j~997bt 



quasar vicinities, and concluded that almost half of 



iBarlow fe Sargentlll997t ICrenshaw et al.lll999l )rTr7- 
terestingly, N v NALs have higher C/ values and 
are consistent with full coverage with only a few 
exceptions. Covering factors are not necessarily 
identical for all ions from the same ab sorber, both 
in B ALs (e.g.. iHamann et al.l Il997al ) and NALs 
(e.g., IMisawa et al.ll2007al) . In the literature, ions 



in higher ionization states usually have larger C/, 
as is also the case for the associated system in 
SDSS J1029+2623. 

(2) The associated C iv NALs show the so-called line- 
locking phenomenon (i.e., blue components of C iv 
doublets are aligned with red ones of the follow- 
ing doublets; see Figures and 0}. Chance coinci- 
dence of such alignments is negligibly small. This is 
naturally explained by radiative acceleration (e.g.. 
Perry et al.lll978tlWevmann et al.lll98lHFoltz et all 



19871) . Although several mechanisms have been 



(3) 



absorbers at \v e j\ < 12000 km s 
the quasars, with a peak value of • 
2000 km s" 1 . 



are intrinsic to 
80 % at \v ej \ ~ 



proposed to explain the acceleration of outflowing 
winds, radiative acceleration almost always con- 
tributes substantially. Line locking requires that 
the sight-lines be approximately parallel to the gas 
motion. 

The velocity distribution of the associated C iv 
and N v NALs shows values beyond 1,000 km s _1 , 
which is too large for an origin in IGM, fore- 
ground galaxy, and ISM of the host galaxy. 
Intervening absorption lines are typically clus- 
tered in Av < 400 km s" 1 both for metal 
lines (e.g.. ISargent et al.l Il980t lYoung et al.l | l982t 
Petitiean fe Bergeronlll994IChurchill fe VogtlboOli 
Pichon et al.ll2003fl and f or H i lines (e.g.. iLu et al.l 
1996t IMisawa et aLll2004t iPenton et al.ll2004D . The 
ISM of most galaxies show velocities below this 
limit. A distribution with velocities > 1,000 km s _1 
strongly supports an intrinsic origin due to the out- 
flow wind. 

(4) These NALs have small ejection velocities from 
the quasar e missio n redshift, \v e j\ < 1600 km s _1 . 
IWise et all |2004) found that a high fraction 
(~21%j3 of the associated NALs within v e j — 
5,000 km s _1 from t he quasars, i s time - variable 
(i.e., intrinsic lines). iNestor et al.l (|2008l) discov- 
ered an excess number density of C iv NALs in 

This is a lower limit on the fraction since not all systems necessarily show time variation. 



4.2. Possible Geometries 

Based on multiple medium-resolution spectra, we con- 
firmed that the associated C iv absorption lines toward 
both images A and B retain their profiles unchanged, while 
their profiles are clearly different each other. This result 
was originally expected to reject the time-variation sce- 
nario (i.e., scenario I). However, with the high- resolution 
spectrograph, the associated C iv absorption lines are de- 
blended into multiple narrow components, of which two are 
foreground absorption lines of Fe n A2344 and Fe n A2600 
at z a f, s ~ 0.9187. We confirmed that the differential 
C iv absorption profiles between the lensed images seen in 
medium-resolution spectra are mainly due to these physi- 
cally unrelated lines. Thus, we cannot distinguish different 
scenarios with medium-resolution spectra alone. 

High-resolution spectra taken with Subaru/HDS pro- 
vide us with several important clues regarding the origin 
of the associated C iv lines. First of all, the general pro- 
files of the C iv absorption lines toward images A and B 
are very similar to each other. This means that the size of 
the absorber must be larger than the transverse distance 
of the two sight-lines. In the extreme case, the absorber's 
location would be very close to the background flux source 
so as to make the separation angle almost negligible. Sec- 
ond, we see a clear difference of absorption profiles between 
images A and B in various structures. For example, at v e j 
~ - 200 km s — 1 , there exist additional absorption com- 
ponents in C iv, N v, Lya panels of Figure [6] only in im- 
age A. This small difference, discovered only after taking 
high-resolution spectra, reminds us of the original ques- 
tion: What is the source of this difference? Finally, the 
most important clue is that a substantial fraction of ab- 
sorption components show partial coverage, which means 
that the physical sizes of the absorbers are smaller than or 
comparable to the background source such as the contin- 
uum source and the BELR. While some intri nsic absorp- 
tion l ines cover only the continuum source (e.g. JArav et al.l 
1999), the covering factors toward the continuum source 
and the BELR usually take specific values, depending o n 
the relative strengths of their fluxes (|Gangulv et al.|[l999h ■ 
In our case, the residual flux at A ~ 4948 A, at which the 
C iv emission line peaks, is almost zero. This means that 
absorbers as a whole cover both the continuum source and 
the BELR significantly Therefore, size estimation of the 
flux sources is important. 

We estimate the size of the BELR (-Rbelr) using the 
empirical relation between -Rbelr and quasar luminos- 
ity. This relation was originally d i scove red through re- 
verberation mapping (|Kaspi et al.l l2000f) and then ex- 
tended to brighter quasars with monochromatic luminosi- 
ties of >10 44 ergs s" 1 t o redshifts z em > 0.7 (eq.[A4] in 
iMcLure fe Dunloq l2004f) . The monochromatic luminos- 
ity of image A at A r = 3000A in the quasar rest-frame 
is measured in IShen et al.l (|201l[) as logALsooo = 46.21 
ergs s . After co rrecting the magn ification factor of im- 
age A, /i a = 10.4 (jQguri et al.ll2012l ). we estimate -Rbelr 
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to be ~ 0.091q Qg pc, where the main source of la uncer- 
tainty comes from the sc atter in the empirical relation in 
iMcLure fc Dunlorjl d200l . 

As to the size of the continuum source (i? C ont), we take 
five times the Schwarzs c hild r adius, 5i?s = 10GMbh/c 2 , 
following iMisawa et al.1 (|2005l ) , where Rs and Mbh are 
the Schwarzschild radius and mass of the central black 
hole. The vi rial mass of the ce ntral black hole is already 
calculated in Sh en et al.l (|2011l ) using the luminosity and 
FWHM of broad emission lines of image A. Again, after 
correcting for magnification, we obtain log Mbh /Mq — 
8.72, and then i? con t is evaluated to be ~ 2.54xl0~ 4 pc. 
This is almost 300 times smaller than -Rbelr- 

The size of the background flux source (R) and the ab- 
sorber's distance from the central flux source (r) decide 
geometry, i.e., a single sight-line or multiple sight- lines. 
The transverse distance of the two sight-lines (a) can be 
calculated as a = r9, where 9 is the separation angle of 
the two sight-lines seen from the flux source (which is very 
similar to the separation angle seen from us, 6 ~ 22"5). 
At a distance, where R < a (= rO) is satisfied, the two 
sight-lines become fully separated with no overlap. We 
call this distance a boundary distance (n,), hereafter (see 
Figure 0A.) . The boundary distance is Tb ^2.3 pc if only 
the continuum source is the flux source, and ^788 pc if 
the BELR is also the background source. The latter is 
comparable to the di stanc e of outflowing gas me asured by 
Ide Kool et ail (|2001h and lHamann et al.l (|200l for other 
quasars. The geometry also depends on the absorber's 
size ila). If the size of the absorber (whose internal sub- 
structure is ignored here) is much larger than the trans- 
verse distance (i.e., l a ^ r9), a single sight-line scenario is 
applicable regardless of the absorber's distance from the 
flux source (see Figure 03). However, this geometry can- 
not be applied to our case because the partial coverage we 
found in N3.2I requires the size of each absorber to be com- 
parable or smaller than the size of background source. On 
the other hand, if l a < r9 (Figure [7D), we should analyze 
the condition in more detail. In the case of l a < rd <C R 
(i.e., the absorber's distance is smaller than the boundary 
distance) , a substantial fraction of both sight- lines is cov- 
ered by a single absorber although the fraction depends 
on the distance and the absorber's size. Small differences 
of absorption profiles, seen in the high-resolution spectra 
of images A and B, can be explained either by i) a differ- 
ent part of the absorber's outskirts covering each sight-line 
( quasi-scen&rio II), or by ii) time- variation (scenario I). In 
the case of l a < R < r9 (i.e., the absorber's distance is 
larger than the boundary distance), this will be bona-fide 
scenario II. One shortcoming of this model is that we can- 
not reproduce common absorption profiles seen in the two 
sight-lines because the same absorber cannot cover both 
sight-lines. We will discuss this problem later. 

4.3. Single sight-line or multiple sight-lines 

lHamann et al.l (|2011l) claimed that NAL absorbers 
should be located in a low gravity environment far from the 
central BH in order to maintain kinematic stability. Their 
result suggests that the ejection velocity of NAL absorbers 
is larger than the escape velocity so that the absorber is 
gravitationally unbound. If the NAL absorbers in our tar- 

9 The ionization parameter U is defined as the ratio of hydrogen ionizing 



get quasar are also in a similar kinematic condition, their 
radial distance from the central BH should be r > 1.79 pc. 
This is close to the boundary distance in the case that only 
the continuum source is the background flux source. As 
a result, we do not have any conclusive evidence to either 
accept or reject scenarios I or II. Therefore, we will discuss 
the absorber's physical condition further assuming both 
scenarios in turn below. 

4.3.1. Single sight-line (Scenario I) 

If scenario I represents reality, there are two possible ori- 
gins of time variabilit y, i) a change of ionization condition 
of the absorber (e.g., lHamann et al.l [201lt IMisawa et al.l 
2007b) and ii) the absorber moving ac ross our sight 
lines to change the cove ring factor (e.g., lHamann et al.l 
120081: iGibson et all 120081) . Neither situation is applica- 
ble for the case of inte rvening absorbers as discussed in 
iNaravanan et al.l (|2004l) . 

If a change in ionization is the origin of variation, 
we can place constraints on the electron density and 
the dista nce from the flux source follow i ng the pro- 
cedure by Hamann. Barlow, fc Junkkarinenl (|1997 bi and 
INaravanan et al.l f|2004h . We cannot evaluate the specific 
ionization condition because a wide range of ionic species 
(which is necessary for photoionization modeling) are not 
detected in our spectra. Therefore, by adopting the follow- 
ing assumptions; i) the gas is very close to ionization equi- 
librium, ii) the change of ionizing flux is small, and iii) C iv 
is the dominant ionization stage of Carbon, we estimate 
the electron density to be n e ~ 1/aAt ~ 1.78xl0 4 cm -3 
by assuming a variation timescale in the quasar rest frame 
(~233 days) as a recombination time (At), where we use 
the recombination coefficient of C iv — > C in in gas temper- 
ature of 20,000 K (jHamann et al.lfl995l) . Because the vari- 
ation timescale is an upper limit of the recombination time, 
we should regard the electron density as a lower limit. We 
can also evaluate the distance of the absorber from t he flu x 
source using the prescription of INaravanan et ail (|2004T ) . 
The ionization parameter ({70 depends on the bolometric 
luminosity of the quasar, the continuum shape, distance 
from the flux source, a nd electron density. By adopting 
the continuum shape of INaravanan et ail (|2004l) . we esti- 
mate the distance of the absorber to be r <0.44 kpc, with 
an ionization parameter of U = 0.02 (in which C i v is th e 
dominant ionization stage; lHamann" et~aHfl995L Il997ah . 
and the bolo metric luminosity of the quasar of log Lboi = 
45.87 ergs -1 (|Shen et al.ll201l[) . The limits on the electron 
density and the ab sorber's distance are consistent with 
the l iterature (e.g., INaravanan et al.l 12004 IMisawa et al.l 
12001 . 

If the gas motion (i.e., crossing of our sight-line) is the 
origin of variation, we can simply estimate the average 
crossing velocity (v CIOSS ~ R/ At) to be ^390 km s -1 if the 
continuum source is the only background source. Again, 
this is the minimum velocity because At is an upper limit 
on the variability timescale. The BELR should not be the 
flux source, because the corresponding crossing velocity, 
~1.32xl0 5 km s _1 , is comparable to the speed of light. 
Thus, we conclude that the absorber covers primarily the 
UV continuum source with only a small part of the BELR 
if the gas motion is the origin of variation. 

photon density (n 7 ) to the electron density (n e ), i.e., U ~ n 7 /n e . 
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4.3.2. Multiple sight-lines (Scenario II) 

The main problem of the bona-fide scenario II model, in 
which the absorber's size is smaller than the transverse dis- 
tance of the two sight-lines, is that we cannot reproduce 
closely similar absorption profiles seen in the two sight- 
lines because the same absorbers cannot cover both sight- 
lines. A possible solution for this is that there exists a 
number of clumpy absorbers or fluctuations in gas density 
(whose sizes are smaller than the background source) con- 
stituting a filamentary (or a sheet-like) structure that cov- 
ers both sight-lines (FigureJTp). Such a structure is well re- 
produced above the main body of the outflow by hydro dy- 
namical sim ulations (e.g. lOhsuga et al1l2005t IProga et al.l 
Il99dll999h . 

Here, we calculate the radial mass-outflow rate (M) to- 
ward the two sight-lines summing contributions from all 
absorption components as 



^ = E C f (i)v &j {i)R 



N H {i) 
Ar(i) 



(2) 



where Nu(i) and Ar(i) are the total (H i + H n) hydrogen 
column density and the radial depth of the i-th absorption 
component toward a sight-line. R and m p are the size 
of background source and the proton mass. In H3.21 we 
measured ejection velocities of all C iv and N v absorp- 
tion components by applying Voigt profile fitting. How- 
ever, their absolute values could be underestimated be- 
cause emission redshifts determined from broad UV emis- 
sion lines are systematically blueshifted from the systemic 
redshift, as measured by narrow, f orbidden lines (see, e.g. , 
CorbiiJll99[t iTvtler fc Fanlll992t iBrotherton et all 11994 



Marziani et allll996h . ITvtler fe Fan! (jl992h find a mean 
blueshift of the broad UV emission lines relative to the 
systemic redshift of about 260 km s _1 and that 90% of 
the blueshifts are between and 650 km s _1 . We there- 
fore add 260 km s _1 to the v e j values given in Tabic [5] for 
the calculation herein. 

Because our spectra do not detect a wide range of ionic 
species (which are necessary for photoionization model- 
ing, as described in H4.3.ip . we can measure neither the 
ionization condition nor the total hydrogen column den- 
sity N(H). These parameters decide an absorber's metal- 
licity and radial depth. Therefore, we simply calculate M 
assuming all absorption components have the same ioniza- 
tion condition, metallicity, and radial depth toward both 
the sight-lines as follows, 

N ion (i) x MIC k 



M = V c f (i) v ej (i) R 



Ar(i) 



rn h 



■x 



E 



Cf(i) v ej (i) N ion (i) 



(3) 



where MIC (a metallicity-ionization correction) for C iv 
and N v are defined as follows, respectively, 



MIC 



civ 



MIC 



NV 



N(U) v N(C) 
N(C) • 
N(R) 



N(C IV) 
N(N) 



N(C IV) 
N(R) 



(4) 



(5) 



N(N) A(N V) A(N V) ' 

Based on the C iv and N v absorption lines, a differ- 
ence of radial mass-outflow rates toward images A and B 



is only —30 - 35%, which suggests that internal fluctuation 
of the NAL absorber is almost negligible within the angu- 
lar distance of 9 ~ 22'.'5. Because ~20 - 50% of quasars 
have at least one intrinsic NAL absorber in their spectra 
(IVestergaard]l2003l : IWise et alJl2005 iMisawa et~aT1l2007at 
iNestor et al.ll2008l ). the global covering factor of the central 
flux source surrounded by NAL absorbers can have values 
of ft < 0.87T - 2tt in terms of solid angle. Thus, small ar- 
eas within -0.002% - 0.005% of the total solid angle for 
NAL absorbers produce similar absorption profiles with 
the same order of total column densities. In other words, 
the outflow wind corresponding to the NAL absorbers can 
be divided into <20,000 - 50,000 small zones with common 
physical conditions. 

5. SUMMARY AND FUTURE WORK 

We carried out medium-resolution spectroscopy of the 
two brightest images of the quasar SDSS J1029+2623 to 
see whether the associated C iv absorption lines are vari- 
able or not, and also high-resolution spectroscopy in order 
to measure line parameters and place strict constraints on 
the absorber's physical conditions. Our main results are 
as follows: 

1. The associated C iv absorption profile does not 
show clear time-variation toward either sight-lines 
in medium-resolution spectra. With high-resolution 
spectra, we confirmed that the differential line pro- 
file is mainly due to the effect of Fe n A2344 and 
Fe ii A2600 lines which arise in a physically unre- 
lated system at z a b s — 0.9187. 

2. In high-resolution spectra, the associated C iv ab- 
sorption line is deblended into more than 10 narrow 
components, showing i) partial coverage, ii) line- 
locking, iii) large velocity distribution, and iv) small 
ejection velocity. All of these results support the as- 
sociated absorption line being physically related to 
the quasar (i.e., intrinsic absorption line). 

3. The associated absorber probably covers both the 
continuum source and the BELR because the resid- 
ual flux at A — 4948 A, at which the C iv emis- 
sion line peaks, is almost zero. The size of the con- 
tinuum source and the BELR are evaluated to be 
i? con t ~ 2.54xl0" 4 pc and i? BEL R ~ 0.09™ pc, 
respectively. If the associated absorber covers both 
the flux sources toward our sight-lines, their typi- 
cal scale should be comparable to or smaller than 
-Rbelr because they show partial coverage. 

4. The geometry of the associated absorber depends 
on the sizes of the background flux source (i?) and 
the absorber (l a ), and the absorber's distance from 
the center (r) . If a single sight-line model represents 
reality, the differential line profile impies time varia- 
tion of the absorber. If a change of ionization level is 
the origin of the variation, we can place constraints 
on the absorber's electron density, n e < 1.78xl0 4 
cm -3 , and the absorber's distance from the con- 
tinuum source, r < 0.44 kpc. If gas motion is the 
origin of variation, the continuum source is the only 
background source because the estimated crossing 
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velocity is too large (comparable to the speed of 
light) if the BELR is also the flux source. 

5. If multiple sight-line model is the real scenario, 
the following condition should be satisfied; the ab- 
sorber's size (l a ) < the size of the background flux 
source (R) < transverse distance of the two sight- 
lines (a). However, such a condition cannot allow a 
single absorber to cover both sight-lines, in order to 
reproduce similar absorption profiles as seen in the 
high-resolution spectra. A filamentary (or a sheet- 
like) structure made of multiple clumpy gas clouds 
could solve this issue. Indeed, such structures are 
reproduced by hydro-dynamical simulations. 

In order to assess the origin of the associated ab- 
sorber further, we need to obtain high-resolution spectra 
again. We have shown that monitoring observations with 
medium-resolution spectra are not useful because the asso- 
ciated C iv absorption line in the image A is significantly 
contaminated with physically unrelated foreground Fe n 
absorption lines. Additional high-resolution spectra will 
provide us with stronger evidence for scenario I if we see 
clear time- variations or for scenario II if the images do not 
show variability. 
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Table 1 
Log of Observations 



Target 


Date 


Ordcr a 


Instrument 


R 


exp. 


S/N b 


ref. c 












(sec) 


(pix- 1 ) 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


image A 


2006 February 28 


2 


SDSS 


1800 




9.1 


1 




2006 June 29 


3 


Subaru/FOCAS 


500 


600 


19 


2 




2009 April 4 


5 


Subaru/FOCAS 


500 


1200 


8.5 


3 


image B 


2007 December 15 


1 


Keck/LRIS 


1000 


800 


43 


4 




2009 April 4 


4 


Subaru/FOCAS 


500 


1200 


7.0 


3 


image C 


2007 December 15 


1 


Keck/LRIS 


1000 


800 


11 


4 


image A 


2010 February 10 




Subaru/HDS 


30000 


14400 


13 


3 


image B 


2010 February 10 




Subaru/HDS 


30000 


14200 


13 


3 



a Ordcr of observing epoch considering time-delay, i.e., adding ~744 days only to the 
observation of image A. 

b Signal to noise ratio around 4700A. 

References — (1) Sloan Digit al Sky Survev lYork et al.|[2000| ; f2l llnada et al.|[20Q6l ; (3) 
this paper; (4) lUguri et alj[2UU3| . 
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Table 2 



Fitting parameters of C IV absorbers 



ID 




(km s" 1 ) 


log AT 
(cm- 2 ) 


cr(logJV) b a(b) 
(cm -2 ) (km s _1 ) (kms -1 ) 


C/ c 


+<r(C,) 


-<T(Cf) 


(1) 


(2) 


(3) 


(4) 


(5) (6) ' (7) 


(8) 


(9) 


(10) 



Image A 



C IV 



1 


2. 


1800 


-1599.5 


13.52 


0.54 


6.30 


2.45 


0.20 


0.13 


-0.13 


2 


2. 


1810 


-1505.2 


13.80 


0.29 


25.52 


3.01 


0.38 


0.25 


-0.18 


3 


2. 


1818 


-1429.7 


14.08 


0.06 


18.51 


1.19 


0.82 


0.05 


-0.05 


4 


2. 


1822 


-1392.0 


13.85 


0.06 


13.16 


0.83 


0.96 


0.08 


-0.08 


5 


2. 


1829 


-1326.0 


12.97 


0.98 


14.35 


37.5 


1.00 d 






6 


2. 


1880 


-845.7 


13.39 


0.75 


16.40 


3.62 


0.62 


2.88 


-0.88 


7 


2 


1886 


-789.3 


14.28 


0.15 


16.08 


2.18 


0.49 


0.05 


-0.05 


8 


2. 


1894 


-714.0 


15.03 


0.34 


25.44 


6.00 


0.62 


0.04 


-0.04 


9 


2. 


1901 


-648.2 


14.28 


0.12 


19.18 


2.61 


0.88 


0.06 


-0.06 


10 


2. 


1910 


-563.6 


14.28 


0.09 


44.19 


9.87 


1.00 d 






\\ 


2, 


1942 


— 262 9 


14 01 


29 


143 71 


113 3 


1 00 d 






12 


2, 


1944 


— 244. 1 


14.82 


0. 10 


21.34 


1.63 


0.89 


0.04 


—0.04 


13 


2, 


1953 


— 159 6 


14 84 


09 


34 58 


5 17 


85 


06 


— 06 


14 


2. 


1964 


— 56.3 


15.65 


0.20 


32.62 


2.83 


0.82 


0.04 


— 0.04 


15 


2. 


1975 


46.9 


14.37 


0.12 


16.02 


2.14 


0.46 


0.06 


-0.06 


16 


2. 


1980 


93.8 


14.46 


0.06 


34.85 


2.60 


0.48 


0.04 


-0.04 


N V 






















\ 


2, 


1889 


— 761 1 


14 18 


60 


77 80 


73 1 


1 00 d 






2 


2. 


1894 


-714.0 


13.94 


0.85 


27.88 


31.5 


1.00 d 






3 


2. 


1901 


-648.2 


14.52 


0.06 


31.83 


3.25 


0.92 


0.07 


-0.07 


A 

4 


2. 


1908 


— 582.4 


14.99 


0.39 


14.50 


3.05 


0.88 


0.07 


— 0.07 


5 


2. 


1914 


— 526.0 


14.13 


0.16 


26.67 


10.92 


1.00 d 






6 


2. 


1938 


— 300.4 


15.25 


4.07 


12.93 


23.71 


0.11 


0.07 


—0.07 


I 


2 . 


1943 


— 253.5 


15.03 


n on 


18.61 


2.16 


0.96 


0.06 


— 0.06 


g 


2. 


1952 


— 169.0 


14.92 


0.11 


36.29 


8.38 


0.94 


0.07 


—0.07 


Q 


2 


1962 


— 75 1 


15 11 


15 


39 00 


15 02 


90 


06 


Q Qg 


10 


2. 


1969 


— 9.4 


14.41 


0.07 


12.90 


1.91 


1.00 d 


■■■ 
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2. 


1978 


75. 1 


14.69 


0.08 


46.82 


3.58 


0.61 


0.07 


—0.07 














Image B 










O IV 






















1 


2. 


1814 


-1467.4 


13.37 


0.41 


16.46 


18.15 


1.00 d 






2 


2. 


1821 


-1401.4 


14.20 


0.04 


13.75 


0.37 


0.99 


0.04 


-0.04 


3 


2. 


1827 


-1344.9 


13.81 


0.32 


21.73 


3.05 


0.31 


0.17 


-0.15 


4 


2. 


1886 


-789.3 


15.96 


1.03 


17.73 


4.40 


0.26 


0.05 


-0.05 


5 


2. 


1896 


-695.2 


14.45 


0.17 


38.57 


5.69 


0.76 


0.05 


-0.05 


6 


2. 


1901 


-648.2 


14.18 


0.14 


18.49 


2.90 


0.77 


0.14 


-0.14 


7 


2. 


1910 


-563.6 


14.09 


0.18 


37.21 


11.44 


1.00 d 






8 


2. 


1944 


-244.1 


14.67 


0.07 


22.64 


1.35 


0.85 


0.04 


-0.04 


9 


2. 


1952 


-169.0 


15.51 


3.21 


6.63 


5.29 


0.74 


0.06 


-0.06 


10 


2. 


1959 


-103.2 


15.03 


0.06 


81.86 


6.01 


0.77 


0.06 


-0.06 


11 


2. 


1970 


0.0 


14.29 


0.15 


26.03 


4.26 


0.54 


0.14 


-0.14 


12 


2. 


1971 


9.4 


15.52 


0.23 


67.71 


6.19 


0.27 


0.04 


-0.04 


N V 






















1 


2. 


1884 


-808.1 


13.44 


0.78 


20.68 


37.5 


1.00 d 






2 


2. 


1897 


-685.8 


14.89 


0.04 


51.32 


1.50 


0.84 


0.05 


-0.05 


3 


2. 


1909 


-573.0 


15.19 


0.40 


13.57 


2.11 


0.90 


0.05 


-0.05 


4 


2. 


1915 


-516.6 


13.95 


0.20 


19.20 


10.0 


1.00 d 






5 


2. 


1943 


-253.5 


14.58 


0.13 


20.22 


1.92 


0.99 


0.06 


-0.06 


6 


2. 


1946 


-225.3 


15.30 


1.85 


9.69 


7.26 


0.86 


0.07 


-0.07 


7 


2. 


1952 


-169.0 


14.65 


0.07 


24.92 


5.53 


0.98 


0.06 


-0.06 


8 


2. 


1957 


-122.0 


14.54 


0.17 


14.51 


4.85 


0.93 


0.08 


-0.08 


9 


2. 


1965 


-46.9 


15.34 


0.29 


34.20 


8.34 


0.91 


0.05 


-0.05 


10 


2. 


1972 


18.8 


14.92 


0.35 


20.74 


3.18 


0.65 


0.08 


-0.08 


11 


2. 


1980 


93.8 


14.87 


0.35 


15.78 


3.11 


0.35 


0.05 


-0.05 



a Absorption rcdshift. 

b Ejcction velocity from the quasar emission redshift, with negative values denoting blueshifted line. 
c Covering factor. 

d Fitting the component, assuming Cf — 1. 
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Fig. 1 — F814W-band image of SDSS J1029+2623 taken with HST/ACS (GO-12195: IQguri et aQ[20l3 ). Three objects labeled with A, B, 
and C are lensed images of the quasar at z em = 2.197, while those with Gla, Gib, G2 are member galaxies of a foreground lensing cluster 
at z ~ 0.6. Angular separations of the images are 6,4s ~ 22"5, Oac ~ 21"0, and 9bc ~ 1"85. 
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Fig. 2. — Medium-r esolution spectra (R ~ 500): (Top) Z oomed spectra of images A, B, and C of SDSS J1029+2623 around the associated 
C IV absorption line (Inada ct al. 2006; Oguri ct al. 2008). Fluxes are arbitrary and normalized to compare the absorption profiles of the 
three images. An additional absorption line at ~4990A present only in the image A spectrum is Fe II A2600 at z abs ~ 0.9187. (Middle) 
Spectra of image A, tak en in 2006 twice I Inada et al.ll2006t lYork et alJl200(j ) and in 2009 by us. (Bottom) Same as the above panel, but for 
image B, taken in 2007 llOguri et al.H2008l) and in 2009 by us. 
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Fig. 3. — Velocity plot of the associated absorption system toward image A (left) and image B (right) with high-resolution spectra. Vertical 
dotted lines correspond to the emission rcdshift of the 2.197. 
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Fig. 4. — High-resolution spectra of the images A (left) and B (right) around the associated C IV absorption line. Because absorption 
components are distributed over more than Av ~500 km s — 1 , it is self-blended. The horizontal axis denotes relative velocity from the quasar 
emission redshift at z em = 2.197. Top and middle panels show the profiles of the blue and red members of a doublet, with model profiles 
output by MINFIT superposed as dashed lines. The positions of the kinematic components are marked with upward arrows at the bottom 
of each panel. The bottom panel shows the two profiles together, along with the resulting covering factors and their 1<t uncertainties with 
green open circles. 




Fig. 5.— 



Same as Figure 2] but for N V doublets. 
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Fig. 6.— 



Comparison of the associated C IV, N V, and Lya absorption profiles toward image A (red) and image B (blue). 
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Fig. 7. — Possible geometries that could lead to the small differential profiles of the associated absorption lines toward the two lensed images 
of SDSS J1029+2623. General geometry of two sight-lines (A), geometrical models for a single sight-line (B) and multiple sight-lines (C) are 
shown from top to bottom. A filled black circle with a size of R and meshed ovals/circles with a size of l a denote the central flux source and 
absorbers. The radial distance r b is the boundary distance. A region surrounded by two curves in (C) is a filamentary/sheet-like structure. 



